Purpose Our purpose was to compare the characteristics of the retinal and choroidal lesions including choroidal nevus, choroidal melanoma and congenital hypertrophy of the retina pigment epithelium using conventional color fundus photography (CFP) and multicolor imaging (MCI). Methods The paired images of patients with retinal or choroidal lesions were assessed for the visibility of lesion's border, halo and drusen using a grading scale (0-2). The area of the lesion was measured on both imaging modalities. The same grading was also done on the individual color channels of MCI for a further evaluation. Results Thirty-three eyes of 33 patients were included. There were no significant differences in the mean border, drusen and halo visibility scores between the two imaging modalities (p = 0.12, p = 0.70, p = 0.35). However, the mean area of the lesion was significantly smaller on MCI than that on CFP (14.9±3.3 versus 18.7±3.4 mm 2 , p = 0.01). Conclusion The appearance of choroidal and/ or retinal lesions on MCI may be different than that on CFP. Though MCI can provide similar information with CFP for the features of retinal and/ or choroidal lesions including border, halo and drusen; the infrared light reflection on MCI underestimates the extent of the choroidal lesion by 33%.
Introduction
Choroidal nevus is the most common intraocular tumor with an estimated prevalence of 7% among the white population [1] . The nevus represents as a brown or tan mass with a round or oblong configuration, deep to the retina and retinal pigment epithelium (RPE). Overlying RPE alterations and drusen appears to be common features of nevus, whereas orange pigment, retinal edema or RPE detachment can rarely be seen in patients with choroidal nevus [2] . Despite benign histological findings in choroidal nevus, it can lead to vision loss and can rarely evolve into life-threatening malignant melanoma [3] . Thus, proper documentation of choroidal nevi is important.
Uveal melanoma is the most common non-cutaneous melanoma with an incidence of 5-6 cases per million per year [3] . The current diagnosis of choroidal melanoma is based on both the clinical experience of the specialist and modern diagnostic tools including ultrasonography, fundus fluorescein angiography (FA), optical coherence tomography (OCT), indocyanine green angiography (ICG) and autofluorescence imaging [2] [3] [4] [5] [6] .
Color fundus photography (CFP) has been available for decades in ophthalmology practice to document retinal disorders as seen on fundus examination with the advantage of giving the most identical appearance to clinical examination. A variety of imaging modalities can be used to improve the information obtained by CFP. Heidelberg Engineering has recently developed a MultiColor imaging (MCI) system (Spectralis HRA-OCT; Heidelberg Engineering, Heidelberg, Germany) which enables combined pseudo-color image using three different wavelengths including blue (486 nm), green reflectance (518 nm) and infrared (IR) reflectance (815 nm) with simultaneously or near simultaneously optical coherence tomography (OCT) and FA. Recently, this imaging technique, which indeed provides pseudocolor image of the retina, has gained great interest among the retinal physicians, as it offers multicolor fundus images with FA and co-located spectraldomain OCT in a timely manner [7] [8] [9] .
In our routine practice, all patients with retina pathologies undergo both CFP and MCI imaging with OCT, when available, for documentation purposes. At the time of acquiring images of some patients with retinal and/ or choroidal lesions such as choroidal nevus, choroidal melanoma and congenital hypertrophy of retina pigment epithelium (CHRPE), we noticed some differences in the appearance of lesions. Moreover, since these instruments are designed based on different image acquiring algorithms, the interpretation of the images may be somewhat different on MCI than that on CFP. Therefore, we conducted this study to show whether MCI can provide same information for the characteristics of these lesions as CFP does. Also, we wished to highlight the difference between the appearance of such as these lesions, where lesion color and borders have great impact on the diagnosis. We are aware that multicolor imaging is not a standard way to document and/or diagnose these lesions. However, the advantage of acquiring simultaneously or near simultaneously FA and OCT images without using a bright light may lead this imaging technique to replace standard color photography in routine retina practice.
Methods

Patients population
This was a retrospective study including patients with choroidal melanoma, choroidal nevus, choroidal hemangioma or CHRPE who were referred to the Department of Ophthalmology, University of California San Diego (UCSD), Shiley Eye Institute between January 2016 and December 2016. Institutional Review Board approval from UCSD was obtained for the review of patients' charts and images. The study adhered to the tenets of the Declaration of Helsinki for research involving human subjects and complied with Health Insurance Portability and Accountability Act (HIPAA) of regulations.
Patients who were imaged by both CFP and MCI on the same day and had good quality images were included. Color fundus photography was taken with the Topcon TRC50X digital fundus camera (Topcon, Tokyo, Japan) and multicolor images were acquired using Spectralis (HRA-OCT Spectralis Heidelberg, Germany, acquisition module version 6.3.2.0) after optimal pupil dilation with tropicamide and phenylephrine. Multicolor images were obtained using either 30°or 55°l ens based on the lesion location, whereas all CFP images had a 55°of field of view. Additionally, as a routine imaging protocol in our institute, each patient underwent horizontal and vertical B-scans cutting through fovea as well as a 6-mmx6-mm macular cube comprising at least 37 horizontal B-scans using the Spectralis device. When available, B-scan cutting through the lesion was also acquired.
Patients with poor quality images that did not allow proper documentation of the lesions and eyes that had far peripheral lesions that were only partially visible in any imaging modalities were excluded.
Analysis of images
-As a first step, names of the patients with given retinal or choroidal lesion were identified through a search of a local database. -A masked observer (D.U.B.) removed the patients' identification such as names and imaging date from the images (CF and MCI) and saved them as maximum quality TIFF image files without any modifications.
who have had at least 30-year experience in the field reviewed and graded each image at different time points at least 24-hour apart in the same room under optimal room conditions using a computer unit with two monitors that had identical specifications and user settings (1280 × 1024 pixels, 17-in. liquid crystal display monitors, NEC Accusync LCD 92 V) to avoid monitor-induced differences. -The visualization of the lesion border was scored using a grading scale between 0 and 2. BGrade 0^was given when the lesion margin was not visible on the imaging modality, BGrade 1^referred to the margin of the lesion being barely visible, BGrade 2^indicated that the margin was clearly visible. The same grading was also done for the assessment of halo and drusen. Halo was considered as yellow circumferential yellow ring, and drusen was regarded as tiny white or yellow deposits underneath the retina. 9 When there was a disagreement in the grading score, a third observer's impression was asked to achieve an acceptable result.
-Masked single-wavelength images that were initially combined to obtain MCI images (i.e., near-infrared reflectance, blue reflectance, and green reflectance) were graded using the same grading scale as defined above to determine which reflectance image allowed better visualization of the lesion.
-The area of the lesion was measured using the builtin measurement tool of the Spectralis (Heyex software viewing module version 6.3.4.0). The fundus image was loaded into the Spectralis software using the built-in import function. The Heyex software outline tool allows drawing a line around retinal features and measuring the area encompassed by the line. The scanning laser ophthalmoscopy (SLO) image measurements are in square millimeters, while the fundus camera image measurements are in square pixels. In order to avoid any errors that may be related to difference in the magnification of the two devices, the area of the lesion was measured as follows: A retinal feature that was visible in both images was randomly selected. Typically, this feature was the distance between two vessel branching points on the superior and inferior branch vessels. The distance was measured in both images and the results were in micrometers for the SLO and pixels for the fundus camera. Using this scale, we converted the fundus camera image measurements from square pixels to square millimeters. By importing the fundus camera images into Heyex software and directly comparing retinal landmarks, we eliminate any magnification differences between the two instruments. We measured the magnification linearity of the fundus camera across the image using a millimeter grid and found no distortions across the image sensor.
Statistical analysis
The agreement between the two graders was evaluated by using the Kappa (K) coefficient, and the agreements among the graders for the visibility of border, halo and drusen were found to be high; K = 0.870, K = 0.930, and K = 0.92, respectively. The agreement between the two graders for the measurement of lesion area was found perfect (intracorrelation coefficient = 0.96). Continuous variables were presented as mean and ± standard deviation and categorical variables were presented as percentage (%). The average visibility score on MCI and CFP was compared using the Mann-Whitney-U test. Chisquare or the Fisher-exact test was used to compare the distribution of visibility of halo, border, and drusen using MCI and CFP. The paired t-test was used to compare the area of the lesions on the two imaging modalities.
All statistics analysis was performed with SPSS statistical software version 23 (SPSS Inc., Chicago, IL, USA). A twosided p-value less than 0.05 was considered to be statistically significant.
Results
Thirty-three eyes of 33 patients with a clinical-based diagnosis of choroidal nevus, choroidal melanoma, choroidal hemangioma or CHRPE that underwent same-day CFP and MCI were included in the study. The baseline characteristics of the patients are shown in Table 1 . Most of the patients had choroidal nevus.
In 97% of eyes, MCI was able to delineate the border of lesions in all patients, specifically; in 24.2% of eyes, borders were graded as barely visible; in 72.7% of eyes, border was clearly visible (Table 2) . Though the percentage of eyes that had a clearly visible border was higher in CFP (90.9% versus 72.7%); overall, there was no significant difference in the mean border visibility score between the two imaging modalities (1.69±0.52 in MCI, 1.8±0.4 in CFP, p = 0.12).
The average score for the visibility of drusen was similar between MCI and CFP (0.93±0.97 in MCI, 0.90±0.99 in CFP, p = 0.70). There was no significant difference in the mean visibility score for the drusen and halo between the two imaging modalities (p = 0.70, p = 0.35). Specifically, the percentage of eyes with clearly visible drusen was similar on MCI (42.4%) and CFP (45.5%).
The mean area of the lesions was 18.7±3.4 (ranging, 0-86.26) mm 2 on CFP, and 14.9±3.3 mm 2 (ranging, 0.59-76.81) on MCI; there was a significant difference in the mean area of lesions obtained using the two imaging modalities (p = 0.01).
When looking at the individual color channels (Fig. 1) , IRreflectance provided more information regarding the visibility of border, halo and drusen compared to blue-reflectance and green-reflectance (Table 3 ). In addition, the area of the choroidal lesions by IR-reflectance was comparable to MCI and CFP; the extent of the choroidal lesion (area) was found significantly smaller in IR-reflectance images (14.9±3. (Fig. 2) . There was also a significant difference in the mean size of the lesions between IR reflectance and CFP (p = 0.009). In 78.7% of eyes (26 eyes), blue-reflectance could not detect the lesion border, and in 75.7% of eyes (25 eyes), the borders of the lesions were not visible on green-reflectance. Figure 3 shows the paired images of a patient with CHRPE. Figure 4 shows a patient with choroidal melanoma.
Discussion
Standard fundus photography remains certainly the most common imaging modality to document what can be seen by the ophthalmologist clinically. However, it may be timeconsuming when the patient needs to undergo multiple images such as FA and OCT. Multicolor imaging is a new imaging method of the retina which can be performed nearly simultaneously with SD-OCT and/or FA using the Spectralis device.
In this the study, we compared the visualization of retinal and/ or choroidal lesions using the two different imaging modalities. We found that MCI is not inferior to the CFP for the detection of a lesion's border, drusen and halo. However, the area of the choroidal or pigmented or non-pigmented retinal lesion on MCI is consistently smaller than CFP. We speculate that as the lesion gets thinner towards the periphery, the ability of SLO to detect the thin edge of masses decreases. Despite the ability of MCI on providing similar information on some features of the lesions, the tendency to delineate the lesion borders as smaller may not allow this imaging modality to be used as a first option to document the pigmentary lesions, particularly choroidal nevus in which the growth rate is important for the malign transformation.
Based on our observations, amelanotic lesions appear as tan/white on CFP, in contrary to a green appearance on MCI. In multicolor imaging, the green channel shows high reflectance, the blue channel shows normal reflectance while the infrared channel shows very low reflectance caused by the absence of melanin pigment. By combining the three channels with the assigned colors, the pseudo color image of the lesion was green due to the low IR channel reflectivity that emphasized green, the inverse color of red. This observation is similar to MC images of normal retina where choroidal vessels appear green. Again, the IR channel shows choroidal vessels as dark due to absorption of IR light by the blood vessels. The green and blue channel does not penetrate beyond the RPE and shows a bright reflectance from the RPE. Thus, the lack of red channel information from the IR image will make the choroidal blood vessels appear green. The discrepancies in the appearance of images can be explained by the abovementioned hypothesis.
In pigmented lesions the CFP shows the lesions dark brown, in MCI the green and blue channels show low reflectivity while infrared channel shows high reflectivity due to the higher reflectivity of melanin in IR light [10] . By combining three channels, the pseudo color image shows the pigmented lesion as red because the IR channel is assigned the red color.
There have been limited reports on the utility of scanning laser ophthalmoscopy in patients with various retinal pathologies [11] [12] [13] [14] . Previously, our group reported that MCI provided better delineation of epiretinal membranes compared to color fundus photography, particularly due to having a green individual channel. 11 To the best of our knowledge, our study is the first to discuss the optical principles of MCI that cause discrepancies on the features of pigmented retinal and choroidal lesions. In a study by Zapta et al. [14] , exploring the utility of fundus autofluorescence and red-reflectance imaging using ultra-wide-field scanning laser ophthalmoscopy in choroidal nevi, red reflectance by Optos (Optos, Dunfermline, Scotland, UK) was found more sensitive than CFP for follow-up of choroidal nevi. In a series by Fig. 3 illustrates the multicolor images and color fundus photography images of a patient with congenital hypertrophy of RPE in the right eye. CHRPE (Congenital hypertrophy of retinal pigment epithelium) appears as dark brown on CFP (a) and red in MCI (b). Lesion has a hyperreflective border on infrared image (c) and is seen in black color without a prominent hyperreflective border (d, e). Note the artifacts associated with widefield lens reflex and presumed tear film instability Reznicek et al. [13] , the standard autofluorescence technique provided subtle information on choroidal masses due to producing faint or little detectable autofluorescence, whereas RPE alterations produced more autofluorescence. Different from these studies, we evaluated whether MCI can be used to provide the same information as conventional color photography did.
There are some limitations of the study that should be addressed. First, images taken using conventional color photography look very different from MCI images. Despite an attempt to increase the objectivity of the grading method used, it was not possible to mask the observers to which modality they were grading. On the other hand, since the size of the choroidal lesion is the most important clinical factor related to prognosis and is a risk factor for the transformation of a choroidal nevus in to a choroidal melanoma, it is not clear if the MCI can be used to monitor the changes in the size of the choroidal nevus in the long-term follow-up. Thus, longitudinal studies with a higher number of patients would be warranted to show whether MCI can be used as an imaging technique to follow the patients with choroidal melanocytic lesions. Also, since we have a heterogonous study population with varying degree of retina and choroid thicknesses, the appearance of lesions may vary depending on the lesion thickness. On the other hand, though ultrasonography and OCT images can be used to assess the features of the choroidal mass, we do not provide any information on this due to goal of comparing only MCI and CFP. Lastly, despite the ability of MCI to visualize choroidal and retinal lesions, the information obtained by MCI may be limited for the peripheral retina lesions, due to a limited field of view.
In conclusion, MCI was found to be a useful tool to detect the characteristics of the choroidal and retinal pigmentary lesions including border, halo and drusen. However, this modality underestimated the extent of the choroidal lesion by 33%.When looking at the individual cSLO images obtained using different wavelengths, infrared-reflectance with an 815 nm wavelength provided more information than blue or green reflectance due to penetrating ability to deeper retinal layers. Also, clinicians should be aware of some differences on the appearance of lesions by MCI that requires some experience to interpret the lesion characteristics.
